Introduction

Mössbauer spectra of K 3Fe(CN)6 and its A g (I)
and Cu(I) homologues have been studied1-4 in detail but no careful and systematic studies have been done for alkali metal ferricyanides. While investi gating the effect of hydrogen bonding on the Möss bauer spectra of anhydrous ferrocyanic acid5 H4Fe(CN)6 and ferricyanic acid6 H 3Fe(CN)6, we undertook a systematic study of all the alkali metal ferricyanides M3 [Fe(CN)6] • n H 20 where M =Li, Na, K, Rb and Cs. Recently B ec k and S m e d a l 7 have shown the presence of intermolecular unsymmetrical hydrogen bonding in H 4Fe(CN)6 and H 3Fe(CN)6 on the basis of infrared investigations. These authors have reported two bands for C = N stretching vibrations of H 4Fe(CN)6 at 2101 and 2073 cm-1 and only a single band for H 3Fe(CN)6 at 2163 cm-1. While the results of H 4Fe(CN)6 have already been confirmed by several workers8-10, there has been some doubt about the results of H 3Fe(CN)6. A y e r s et a l. 10 have obtained two bands for CN stretching vibrations of H 3Fe(CN)6 which seems to be quite justified if hydrogen donding is present in this compound. Besides getting two bands for H 3Fe(CN)6, we have also obtained two bands for Infrared spectra were recorded with Perkin Elmer IR Grating Spectrophotometer model 521 using KBr thin film technique. Care was taken to avoid moisture while recording the spectra. The instru ment was precalibrated against the standard lines of indene, C02 and HC1 as reported in the literature11. The band positions reported here are within an accuracy of ± 2 cm-1.
Mössbauer spectra were recorded using a constant velocity mechanical drive as described earlier6-12. The 57Co source, diffused in Cu foil (~ 1 mC) was obtained from BARC, Bombay.
Results and Discussion
All the ferricyanides gave a two line Mössbauer spectrum showing small quadrupole splitting. Various Mössbauer parameters derived from these spectra are listed in Table I . Also listed in Table I Table I By the analogy of H 4Fe(CN)6 where intermolecular unsymmetrical hydrogen bonding has already been proved beyond doubt by infrared6-10, X ray diffraction13 and refractometric14 studies, it is expected that if a t all H 3Fe(CN)6 is also hydrogen bonded then it should give two bands for C = N stretching vibrations. B ec k and Sm ed a l7 have reported only one sharp band at 2163 cm-1 and proposed the same intermolecular unsymmetrical hydrogen bonding for H 3Fe(CN)6. A y e r s et a l. 10 have reported two sharp bands at 2130 and 2120 cm-1 in KBr thin film and at 2120 and 2100 cm-1 in Nujol mull. This prompted us to record the spectra more carefully in slow scan range and we observed two sharp bands at 2095 and 2070 cm-1. This observa tion is in consistence with the proposed inter molecular unsymmetrical hydrogen bonding in H 3Fe(CN)6. Our Mössbauer studies have also in dicated the same conclusion6.
While studying the infrared spectra of other alkali metal ferricyanides, we found that lithium and sodium ferricyanides also gave two bands for C = N stretching vibrations with its separation (Av) in increasing order. It means that Li+ and Na+ ions are also interacting in some way similar to that of hydrogen atoms in H 3Fe(CN)6. Presumably, Li+ and Na+ ions being quite smaller in size, are able to behave more or less like hydrogen atoms i.e. there is some interaction between orbitals of Li and Na and that of CN-ligands of [Fe(CN)6]3_ to cause this separation. If this is so then the separation of the CN stretching vibration should be in increasing order and this agrees with our observation. The rest of the heavy alkali metal (K, Rb and Cs) ferri cyanides gave only a single band indicating that in these compounds ferricyanide ion [Fe(CN)6]3~ forms a single species and there is hardly any interaction between [Fe(CN)6]3_ and K+, Rb+ and Cs+ ions. In other words, the interaction between these heavy alkali metal cations and ferricyanide anion is of purely ionic type which will not cause any separa tion in C^N stretching frequency. In Fig. 2 , a plot of A v against the quadrupole splitting for the ferricyanides of H, Li and Na gives a straight line showing a linear correlation amongst the two parameters. It is suggested that as the mass of these cations changes. A and A v increase accordingly in a linear way. However, it could also be possible th at in lithium and sodium ferricyanides, water of crystallizations might be acting as dipoles and interacting with the cyanide ligand so as to give the separation of two bands. In such a situation it should not have been in the increasing order. Also in that case rubidium ferricyanide, which has two molecules of water of crystallisation, should have also shown two bands which is countrary to our observation.
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